3-(Chloromethyl)cyclobutan-1-one
To a 20 L four-necked round-bottomed flask, purged and maintained with an atmosphere of nitrogen, was added 3-chloroprop-1-ene (1.00 kg, 13.1 mol), diethyl ether (8.5 L), and Zn-Cu couple (0.50 kg). The mixture was stirred for 10 min before trichloroacetyl chloride (750 mL), phosphorus(V) oxychloride (950 mL) and diethyl ether (1.5 L) were added sequentially. The resulting solution was stirred at 39 °C for 48 h and then cooled to room temperature and concentrated. The residue was diluted with water and extracted with petroleum ether (2×5 L). The combined organic layers were washed with 1 L of brine and evaporated to dryness. This procedure was conducted 26 times to afford a combined total of 9.0 kg crude 2,2-dichloro-3-(chloromethyl)cyclobutan-1-one as a brown oil. To a 20 L four-necked round-bottomed flask containing acetic acid (8 L) and zinc powder (2.70 kg) was added dropwise a solution of crude 2,2-dichloro-3-(chloromethyl)cyclobutan-1-one (1.60 kg, 8.54 mol) in acetic acid (8 L). The mixture was stirred at 100 °C for 1 h and then cooled to room temperature with a water/ice bath. The solids were filtered off, rinsing with ethyl acetate (10 L) and the pH of the filtrate was adjusted to 8-9 with 22% ammonium hydroxide. Following partitioning, the aqueous layer was extracted again with ethyl acetate (5 L). The combined organic layers were concentrated under vacuum. This procedure was conducted 6 times to afford 3-(chloromethyl)cyclobutan-1-one as a brown oil (3.40 kg, 8% over 2 steps); 1 H NMR (300 MHz, CDCl 3 ) δ 3.75 (d, J = 6.3 Hz, 2H), 2H), 3H) .
To a 20 L four-necked round-bottomed flask purged and maintained with an atmosphere of nitrogen was added 3-(chloromethyl)cyclobutan-1-one (4.20 kg, 3.54 mol), tetrahydrofuran (9 L), and 2-methylpropane-2-sulfinamide (646 g), followed by the addition of titanium ethoxide (1640 g). The resulting solution was stirred overnight at 65 °C before being cooled to room temperature and diluted with 2:3 water/ethyl acetate (25 L). The solids were filtered off, rinsing with ethyl acetate (3×3 L). The filtrate was washed with brine (2×15 L) and concentrated under vacuum. This procedure was conducted 3 times and the residue was purified by silica gel column chromatography (50:1 -5:1 petroleum ether/ethyl acetate) to afford N-(3-(chloromethyl)cyclobutylidene)-2-methylpropane-2-sulfinamide as a dark red oil (1.00 kg, 42%); 1 H NMR (300 MHz, CDCl 3 ) δ 3.76-3.63 (m, 2H), 3.30-2.80 (m, 5H), 1.24 (s, 9H) .
To a 20 L four-necked round-bottomed flask purged and maintained with an atmosphere of nitrogen was added N-(3-(chloromethyl)cyclobutylidene)-2-methylpropane-2-sulfinamide (0.500 kg, 2.25 mol) and tetrahydrofuran (5 L). The reaction mixture was cooled to -78 °C, followed by the addition of DIBAL-H (2600 mL, 1.0 M in THF) dropwise over 2 h. Stirring was continued at -78 °C for 1 h and then the reaction was quenched by the addition of saturated aqueous Rochelle's salt (2.6 L). The solids were filtered off, rinsing with ethyl acetate (4×1 L) and the filtrate was diluted with 10 L of ethyl acetate. The filtrate was washed with brine (2×2 L) and concentrated under vacuum. This procedure was repeated a second time to afford a total of 780 g (crude) N-(3-(chloromethyl)cyclobutyl)-2-methylpropane-2-sulfinamide as a dark red oil. To a 20 L four-necked round-bottomed flask purged and maintained with an atmosphere of nitrogen was added N-(3-(chloromethyl)cyclobutyl)-2-methylpropane-2-sulfinamide (0.380 kg, 1.70 mol), tetrahydrofuran (7.6 L), followed by potassium tert-butoxide (0.210 kg, 1.87 mol). The resulting solution was stirred overnight at 65 °C and then cooled to room temperature. The solids were filtered off, rinsing with ethyl acetate (3×3 L) and the filtrate was concentrated under vacuum. This procedure was repeated a second time and the combined residue was purified by flash column chromatography on silica gel (10:1 -1:0 petroleum ether/ethyl acetate) to afford 2-(2-methylpropane-2-sulfinyl)-2-azabicyclo[2. 
2-Azabicyclo[2.1.1]hexane hydrochloride
To a 2 L four-necked round-bottomed flask was added 2-(2-methylpropane-2-sulfinyl)-2-azabicyclo[2.1.1]hexane (75.0 g, 0.400 mol) and ethanol (1000 mL). Hydrogen chloride gas was bubbled through the solution via an inlet and the resulting solution was stirred at room temperature for 3 h. Following concentration under vacuum, the mixture was diluted with diethyl ether (500 mL) and stirred for 1 h. The solid material was collected by filtration, washing with diethyl ether (2×200 mL). This procedure was conducted 5 times to afford 2-azabicyclo[2. Conditions for HRMS: Sample was analyzed on a Dionex Ultimate 3000 coupled with Thermo Scientific Q Exactive HRMS using ESI as ionization source. The LC separation was done on a Phenomenex XB-C18, 1.7 mm, 50 × 2.1 mm column at a flow rate of 0.4 mL/min. Mobile phase A was water with 0.1% formic acid and mobile phase B was acetonitrile with 0.1% formic acid. The gradient started at 2% B and ended at 98% B over 7 min and was held at 98% B for 1.5 min followed by an equilibration for 1.5 min. LC column temperature was 40 °C. UV absorbance was collected at 220 nm and 254 nm and mass spec full scan was applied.
To a 2 L round-bottomed flask purged and maintained with an atmosphere of nitrogen was added 2-azabicyclo[2.1.1]hexane hydrochloride (50.0 g, 418 mmol), 1,4-dioxane (420 mL), 1M aqueous sodium hydroxide (840 mL) and di-tert-butyl dicarbonate (183 g). The resulting solution was stirred at room temperature overnight and then concentrated to remove organic solvent. The remaining slurry was extracted with petroleum ether (3×500 mL). The combined organic layers were dried over anhydrous sodium sulfate and concentrated. The residue was purified via flash column chromatography on silica gel (10:1 -1:0 petroleum ether/ethyl acetate) to afford tert-butyl 2-azabicyclo[2. Sample was analyzed on a Waters Acquity UPLC with Waters LCT Premier XE mass spectrometer using ESI ionization. The LC separation was done on an Acquity UPLC BEH C18, 1.7mm, 2.1×50 mm column at a flow rate of 0.6 mL/min. Mobile phase A was water with 0.05% trifluoroacetic acid and mobile phase B was acetonitrile with 0.05% trifluoroacetic acid. The gradient started at 2% B and ended at 98% B over 5 min and was held at 98% B for 0.5 min followed by equilibration for 0.5 min. LC column temperature was 40 °C. UV data was collected at 220 nm and 254 nm and mass spec full scan was applied. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170 f1 (ppm) CARBON2K.gene CDCl3 /opt/topspin malcolph 51
